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§ 1. Two-Polarizer Method for Pitch Angle 
Measurement of Magnetic Field in a Torus 
Using the Motional Stark Effect 
Xu, j., Ida, K., Fujita, j. 
Because of the importance of the pitch 
angle measurement of internal magnetic field to 
derive the profile of the plasma current density, 
recently developed technique I) using a so 
called polarimetry consisting of the photoelestic 
modulator to analyze polarization angle of Ha 
line of a beam emission with the motional Stark 
effect in the plasma has been applied on many 
torus such as TFfR, DIII-D and so on. In our 
recent research, it is found that the polarimetry 
can be replaced by a simpler two-polarizer 
system in the case of a high magnetic field. 
Fig. 1 shows a universal situation of the a 
light propagation along the viewing line. The 
beam and toroidal magnetic field define a mid-
plane and the viewing line is on it. The Lorentz 
electric field is in a plane perpendicular to the 
beam. The straight line stands for linearly 
polarized part of the a and the circle, circularly 
polarized component. ~ is the angle between 
the beam and the line of sight. a 1 is the tilted 
angle of the electric field relative to the vertical 
direction and a is the polarization angle of the 
a line. 'V is the angle between the electric field 
and the viewing line. There are relations 
between these angles that 
( 1) 
and 
cos'tf= sinasin~. (2) 
For an ideal case that the n: components is 
well separated from the a lines, the relation 
between the angles and the measured intensities 
of the a components, I2 and I I after two 
polarizers tilted by ±45° with respect to the 
horizontal direction, is 
-, 1 (~ + } . ) ctg -'V = 1 ; _ 1 stn 2 a - 1 . (3) 
Here, ~ =I2 11 I· The polarization angle of the a 
lines can be found that 
tga =cos~ 
{ 
11 cos ~ ± J 11 2 cos 2 ~ - (I + sin 2 ~) } 
(I + sin 2 ~) ' ( 4 ) 
where11 =(;+1)/(;-I). The'±' operation in 
equation ( 4) is opposite to the sign of 11· 
. In the case that the 1t lines overlap with the 
a lines due to the line broadening, the validity 
of formulas ( 4) was checked by our simulation 
with an ordinary status of the beam, 40 ke V, 
intersecting the magnetic field, 3 T, at 65 ° and 
of the sight line intersecting the beam at 63 °. 
Fig. 2 shows the results. The accuracy of the 
pitch angle derivation can be better than 2%. 
Fig. I Schematic of the a line propagation. 
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Fig.2 The expected relative error of the pitch 
angle measurement with the wavelength width, 
!)../..., of the a line as a free parameter in the case 
that a spectrometer is used. The open circle is 
for the case that two filters with passband width 
!)..f...p=2.0A of the Lorentz-Shaped transmission 
curvature are tandemly arranged to get rid of 
the 1t manifold. The relation between the pitch 
angle and the polarization angle is the same as 
that in the reference 1. 
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